I. INTRODUCTION
In the study of high-density magnetic recording media, it is essential to characterize the magnetoelastic properties since it could provide a way to control the spin orientation and to stabilize magnetic anisotropy in magnetic devices. [1] [2] [3] [4] [5] [6] It is well known that the saturation magnetostriction coefficient is one of the most important parameters for evaluating the magnetoelastic properties of ultrathin magnetic films. Especially, it is used to investigate the contribution of the magnetoelastic effect on the magnetic anisotropy. CoCrPt alloy films are well known to exhibit the drastic variation of magnetic anisotropy with the film preparation conditions. Moreover, CoCrPt alloy thin films are one of the most promising candidates for high-density perpendicular magnetic recording media since they provide desirable magnetic properties such as high coercivity and strong magnetocrystalline anisotropy for high-density recording. [7] [8] [9] [10] [11] However, very little work has been done on the saturation magnetostriction coefficient of CoCrPt alloy film due to the lack of interest as well as due to the limitation of measurement sensitivity. Although Ross et al. have reported the magnetostriction coefficient for CoCrPt alloy film with the in-plane anisotropy without a detailed interpretation, they did not show the consistent value of magnetostriction coefficient in repeated experiments. Moreover, the variation of saturation magnetostriction coefficient in CoCrPt perpendicular alloy film depends on film preparation conditions and the detailed examination of the origin has not been performed. 12, 13 In this work, we have investigated the saturation magnetostriction coefficient in CoCrPt alloy thin films with varying the Pt concentration and the CoCrPt film thickness. The variation of the saturation magnetostriction coefficient is analyzed and discussed based on structural property, considering the fact that the saturation magnetostriction coefficient in thin film is a structuresensitive parameter.
II. EXPERIMENT
CoCrPt alloy films were prepared by dc magnetron cosputtering of CoCr alloy target with Pt chips. In order to get better ͑002͒ hcp crystallographic alignment of CoCrPt alloy film, Ti underlayer was first deposited onto a Si ͑001͒ substrate of 50 m͑t͒ ϫ 15 mm͑l͒ ϫ 3 mm͑w͒, which is suitable for the measurement of the saturation magnetostriction coefficient. The film preparation conditions were optimized to obtain a film with perpendicular magnetic anisotropy ͑PMA͒. The PMA was achieved for 500 Å ͑Co 82 ഛ 800, respectively. The magnetic properties and the microstructural properties were characterized using torque magnetometer and a high-angle x-ray diffractometry ͑XRD͒, respectively. The crystalline orientation of CoCrPt alloy films was analyzed by the full width at half maximum ͑FWHM͒ of a rocking curve obtained from XRD. The saturation magnetostriction coefficient of CoCrPt alloy thin film was measured by a highly sensitive optical deflection-detecting system using a HeNe laser and a one-dimensional position sensitive detector ͑PSD͒. The position resolution of our onedimensional PSD was 0.3 m. For the measurement of saturation magnetostriction coefficient, the sample in the cantilever geometry was saturated along the film plane by an applied magnetic field and the saturation magnetostriction coefficient was determined from the change of the curvature ͑R͒ of the substrate using the following equation:
where Y s , គ s , t s , and t f are Young's modulus, Poisson's ratio, thickness of the substrate, and the thickness of the film, respectively. R L and R w are the radii of curvature in the direction of substrate's length and width.
III. RESULTS AND DISCUSSION
To characterize the magnetoelastic property of CoCrPt alloy films with PMA, we have measured the evolution of saturation magnetostriction coefficient with varying the Pt concentration and the film thickness. For the measurement of saturation magnetostriction coefficient, it is necessary to measure the relative substrate deflection between two welldefined states of film magnetization, quantitatively: in our case, along the length and width of the sample. In Fig. 1 , we plot the saturation magnetostriction coefficient as a function of the Pt concentration and the film thickness for a series of ͑a͒ 500 Å ͑Co 82 Cr 18 ͒ 100−x Pt x / 1100 Å Ti and ͑b͒ x Å ͑Co 82 Cr 18 ͒ 79 Pt 21 / 1100 Å Ti alloy thin films. The saturation magnetostriction coefficient was obtained by analyzing the magnetostrictive bending of the film substrate. The magnetostriction coefficient is increased from −7.23ϫ 10 −6 to 8.5ϫ 10 −6 and from −8 ϫ 10 −6 to 14ϫ 10 −6 with increasing the Pt concentration from 0 to 35 at. % and the CoCrPt thickness from 400 to 800 Å. It is clearly seen from the figure that the saturation magnetostriction coefficients are sensitively dependent on the CoCrPt thickness. Interestingly, the magnetostriction coefficient is abruptly changed at the Pt concentration of about 21 at. % and the film thickness of around 500 Å. To understand the variation of magnetostriction coefficient with respect to the Pt concentration and the film thickness, we have investigated structural properties via high angle x-ray diffractometry, since the structural properties have considerable influence on magnetoelastic properties. 14 Figure 2 shows the FWHM of reflection rocking curves obtained from XRD as an index of c-axis alignment of ͑002͒ with increasing the Pt concentration and the film thickness in CoCrPt alloy films. As the Pt concentration and film thickness increase, the FWHM of x-ray reflection rocking curves is decreased, which indicates that the c-axis alignment of ͑002͒ for CoCrPt films was improved with the Pt concentration and CoCrPt film thickness. It could be conjectured that the enhancement of c-axis alignment might contribute to the increase of magnetostriction coefficient in CoCrPt alloy film.
It is well known that the magnetocrystalline anisotropy due to spin-orbit coupling is the major origin of perpendicular magnetic anisotropy for CoCrPt alloy films. However, magnetoelastic anisotropy could be another source of perpendicular magnetic anisotropy. Thus, we can expect that the variation of the saturation magnetostriction coefficient has a strong correlation with the variation of perpendicular magnetic anisotropy in CoCrPt alloy films. To see the correlation, we have characterized the magnetic anisotropy for the CoCrPt samples with varying the Pt concentration and the film thickness. The effective perpendicular magnetic anisotropy of ͑a͒ 500 Å ͑Co 82 Cr 18 ͒ 100−x Pt x / 1100 Å Ti and ͑b͒ x Å ͑Co 82 Cr 18 ͒ 79 Pt 21 / 1100 Å Ti alloy thin films are illustrated in Fig. 3 . One can notice that with increasing Pt concentration and film thickness the effective magnetic anisotropy in Fig. 3 show a similar trend as the saturation magnetostriction coefficient in Fig. 1 . It is also interesting to note that perpendicular magnetic anisotropy is distinguishedly increased at the Pt concentration of about 21 at. % and the film thickness around 500 Å, where the rapid variation at about 21 at. % and around 500 Å are clearly observed in the saturation magnetostriction coefficient as shown in Fig. 1 These results directly demonstrate the close correlation between the saturation magnetostriction coefficient and perpendicular magnetic anisotropy in CoCrPt alloy films.
IV. CONCLUSIONS
We have investigated the magnetoelastic property of CoCrPt alloy thin films with perpendicular magnetic anisotropy. The magnetostriction coefficient of 500 Å ͑Co 82 Cr 18 ͒ 100−x Pt x / 1100 Å Ti and x Å ͑Co 82 Cr 18 ͒ 79 Pt 21 / 1100 Å Ti alloy thin films sensitively depends on Pt concentration and film thickness. We found that the variation of the saturation magnetostriction coefficient in CoCrPt alloy thin film with Pt concentration and film thickness is ascribed to the enhancement of crystalline orientation and it has strong a correlation with the variation of perpendicular magnetic anisotropy.
